Of these 286 cases, 137 (47.9%) were followed up in AED, 90 (31.5%) were referred to specialist clinics for further management, 26 (9.1%) required admission to hospital for further assessment and treatment, and 33 (11.5%) defaulted follow up. Furthermore, 87 (30.4%) of these 286 missed fractures required a change in management plan: 3 missed fractures required operative intervention (internal fixation) and 84 missed fractures required some form of external immobilisation. This group of patient did not lodge any complaint or claim. Conclusion: A&E doctors missed quite a number of fractures that might result in significant morbidity. However, a reporting system by radiologists within 48 hours from discharge can pick up all these missed fractures, and may prevent complaints and litigations. (Hong Kong j.emerg.med. ;10:215-222) 
Background
Missing fractures radiologically is a common diagnostic error in accident and emergency (A&E) practice. In 2001, Guly noted 953 diagnostic errors in his A&E department in four years. 1 Altogether 79.7% were missed fractures. The most common reasons for the errors were misreading radiographs (77.8%) and failure to perform radiography (13.4%).
Missing fractures radiologically can result in patient dissatisfaction, complaints and even medico-legal actions. In Hong Kong, a significant proportion of the complaints and claims were due to missed fractures. 2 In the U.S., fractures and other orthopaedic injuries cause the greatest number of malpractice claims in Emergency Medicine. 3 In terms of cost, missed fractures rank second and account for 14% of losses. Claims resulting from missed fractures have common causes. Firstly, fracture has not been suspected clinically and subsequently X-rays are not obtained. Secondly, it is the failure to detect the fractures either because the fractures are not shown in the radiographic views obtained, or the fractures are not recognised by the physicians. In this review, we would like to study the clinical spectrum and outcomes of our radiological missed fractures in 2002.
This was a retrospective review of patients with radiological missed fractures managed in the Accident and Emergency Department (AED) of United Christian Hospital (UCH) in 2002, with the aims to identify the types and outcomes of commonly missed fractures. There has been no similar study reported in Hong Kong. The result of this study may help emergency physicians heighten their awareness of the patterns of easily missed fractures and avoid similar mistakes in future.
Materials and methods
All X-rays taken in our A&E Department are reviewed by radiologists within 48 hours. Patients with abnormal X-ray reports were reviewed. For this study, cases of missed fractures were identified from the callback record for 12 months starting from 1st January 2002. Clinical notes of AED, X-ray reports, relevant clinical records and X-rays on follow up or after admission were retrieved with the help of hospital computer systems. Clinical presentations, treatments and outcomes of the missed fractures were reviewed and summarised. Patients with radiologically suspected missed fracture not confirmed clinically in the review session were excluded.
Results
A total of 286 missed fractures were identified on our callback system from 1st January 2002 to 31st December 2002 in the AED of UCH.
Out of the 286 missed fractures, 14 (4.9%) involved the skull and maxillofacial region, 83 (29.0%) involved the chest region, 53 (18.5%) involved the spinal region, 72 (25.2%) involved the upper limbs and 64 (22.4%) involved the lower limbs. Furthermore, out of these 286 missed fractures, 137 (47.9%) were followed up in our emergency department, 90 (31.5%) were referred to specialist clinics for further management, 26 (9.1%) required admission to hospital for further assessment and treatment, and 33 (11.5%) defaulted follow up.
Eighty-seven (30.4%) missed fractures required a change in management plan. Three missed fractures required operative intervention (internal fixation) and 84 missed fractures required some form of external immobilisation.
Skull and maxillofacial region
The clinical pattern and outcome of missed fractures in the skull and maxillofacial region were summarised in Table 1 . Most of the maxillofacial fractures (3 involving nasal bone, 3 infraorbital floor, 2 maxillary bones and 2 zygomatic arch) were referred to corresponding specialists and treated conservatively.
Three cases of parietal bone fracture were missed. Two of them, aged one-month-old and two-year-old, were admitted and their parietal bone fractures were confirmed by computed tomography (CT) scan. Fortunately, both of them had no intracranial injury and they were treated conservatively with an uneventful outcome. The remaining case, aged 84, defaulted. 
Chest
The clinical spectrums and outcomes of missed fractures in the chest region were summarised in Table 2 .
Rib fracture is the most common and easily missed fracture in our practice. In total, we missed 77 cases of rib fracture in the year 2002. Of these fractures, 58 cases involved a single rib, 17 cases involved two ribs and 2 cases involved three or more ribs. The most common site of missed rib fractures occurred in the sixth and seventh ribs, followed by the fourth, fifth, eighth and ninth.
Nearly all missed fractured ribs were followed up in our department with uneventful outcome. However, a 47-year-old man with missed fractured third rib was complicated by a missed small pneumothorax on the initial film. He was followed up in our clinic and treated conservatively. Fortunately, he recovered well with an uneventful outcome. Furthermore, a 69-yearold lady with missed multiple fractured ribs (3rd, 4th, 5th, and 7th) was complicated by uncontrolled pain. She was finally admitted into our hospital for pain control and required long-term follow up by our pain team.
Beside rib fractures, we missed 6 fractured sternums in 2002. All of them were followed up with uneventful outcome. There were 19 cases of missed fractured or collapsed spine. Nine of them involved the first lumbar (L1) vertebra. They were either mild collapse or small avulsion fracture of spinal body. All of them were stable fractures and were treated conservatively.
Spine
Furthermore, we missed 15 cases of traumatic spondylolisthesis and 9 of them involved a pars defect of the fifth lumbar vertebra (L5). In addition, 15 cases of sacrum and coccyx fracture were missed. All of them were stable and had a good clinical outcome on follow up.
Upper Limbs
There were 72 missed fractures involving the upper limbs. Table 4 summarised the clinical features and outcomes of missed fractures in the upper limb region.
Two cases of glenoid (inferior) fracture and two cases of acromio-clavicular joint subluxation were missed. All of them were treated with broad arm sling. The three missed clavicle fractures were all involving the lateral end of the clavicle. These fractures are clinically i m p o r t a n t , a s t h e y m a y b e a s s o c i a t e d w i t h coracoclavicular ligament disruption. Two cases of missed fractured humerus involved the greater tuberosity and the neck of the humerus. All of them were treated conservatively with arm sling and followed up by orthopaedic surgeons.
Nineteen patients with positive 'fat pad sign' in the elbow region were missed. Six of them had no associated fracture and they were followed up with uneventful outcomes. Eight of them, aged from 11 to 39, had associated fractured radial head or neck and they were all treated by either splintage or Plaster of Paris (POP). Another 5 cases, aged from 2 to 10, had supracondylar fractures with positive 'fat-pad sign'. They were all treated with POP and followed up in the orthopaedic clinic.
Three greenstick fractures of distal radius in pediatric patients, aged from 2 to 11, were missed. Two fractured distal radius with minimal displacement were One case of Bennett's fracture was missed in a 24-year-old gentleman. The patient was called back and finally admitted for close reduction and K-wire fixation.
Twenty-five fractures involving metacarpal bones, proximal, middle and distal phalanges were missed. Most of these missed fractures were either small avulsion fractures or crack fractures with minimal displacement. All could be treated conservatively with or without splintage. However, two cases of fractured distal phalanx were complicated by mallet deformity. They needed a long period of mallet splintage therapy.
Lower limbs
Sixty-four missed fractures involved the lower limbs.
The clinical patterns and outcomes of missed fractures in the lower limb region were summarised in Table 5 .
Two impacted fractured neck of femur were missed in 2002. Both of them were admitted to orthopaedic ward. One of them, aged 70, had open reduction and Austin Moore arthroplasty done, but the other one, aged 90, refused operation.
One case of avulsion fracture of anterior inferior iliac spine and one case of non-displaced fracture of superior pubic ramus were missed, and they were treated conservatively.
We missed two cases of fractured lateral tibial plateau, one fractured medial femoral condyle and one fractured patella. All these fractures were nond i s p l a c e d c r a c k s a n d t h e y w e re a l l t re a t e d conservatively with splintage or POP. However, one displaced fractured mid-shaft of fibula was missed because of inadequate history taking, poor physical examination and inappropriate radiographic view. This case had only X-ray knee taken for a history of Twenty fractures involving the metatarsal bones, proximal, middle and distal phalanges were missed. All such missed fractures were either small avulsion fractures or crack fractures with minimal displacement and could be treated conservatively with or without splintage.
Despite the delay of one to two days in the diagnosis, none of these patients expressed major dissatisfaction in the form of complaint, nor did any claim result from the delayed treatment.
Discussion
Missing fracture radiologically is a common diagnostic error of emergency physicians. We had 286 radiological missed fractures in the year 2002 in our emergency department. This review was designed to heighten emergency physicians' awareness of the clinical pattern of commonly missed fractures, which was a major source of complaints and claims in emergency departments.
2,3
In a year's study of radiological misinterpretation in an A&E department, Wardrope and Chennells found that the common fractures missed on radiographs were undisplaced greenstick fractures of the wrist and fractures of scaphoid, zygoma, skull and radial head. 4 We missed only two or three cases each. The clinical patterns of missed fractures in Hong Kong were different. The most commonly missed fractures were fractured ribs and extremities. Although most of these fractures are not serious injuries, significant disabilities may still occur.
From this study, rib fracture was the most commonly missed fracture. More than one view (postero-anterior and oblique) is usually required to confirm the diagnosis. Chest X-ray is important to exclude intrathoracic complications. False negative of X-ray findings has been shown to be up to 50%, 5 which may even be higher in junior emergency physicians. Therefore, it is better to assume the presence of rib fractures in all patients presenting with localised pain and tenderness over one or more ribs after chest contusion, even when X-rays show negative findings. In order to avoid patients' dissatisfaction and complaints, it is necessary to explain to them beforehand about the high possibility of undetected rib fracture in a plain film.
Although complications of rib fractures are uncommon, elderly patients with rib fractures have higher mortality and morbidity rates than younger patients. 6 In the elderly, Cydulka noted that the odds ratio of death increased by 1.19 for each additional rib fracture, whereas the odds ratio of pneumonia increased by 1.16 for each additional rib fracture. 6 The complications and morbidities from missed fractures, though uncommon, can be significant if some of the missed fractures are not reviewed promptly and managed appropriately. Of the 286 cases, 87 (30.4%) cases required an intervention in management plan. Three missed fractures (Bennett's fracture, fractured neck of femur and fractured calcaneum) needed open or close reduction and internal fixation. Eighty-four missed fractures required some form of external immobilisation, for example, splintage, POP or armsling. All these missed fractures, if not immobilised appropriately, may result in fracture displacement and subsequent disfigurement and functional morbidity. Missing simple and common injures may result in long-term disabling conditions. 7 Unfortunately, 33 cases of missed fractures defaulted our follow up despite our callback system. They were either seeking medical advice from other doctors, or their symptoms improved so much that they did not bother to return. Another possibility was that the suspected missed fractures might be old injuries.
Missed fractures are the major cause of malpractice claims in emergency medicine. 3 Missing fractures radiologically may result in patients' dissatisfaction and complaints. 2 Fortunately, we did not receive any complaint nor legal claim concerning radiologically missed fractures in 2002. It was probably because most abnormalities missed on radiographs were discovered promptly as radiological reports were usually available within 48 hours. The error was thus quickly identified, allowing our doctors to remedy if required and to apologise.
This review of missed fractures was limited to failure of recognising fractures in X-rays taken by our medical officers. Missed fractures due to failure to suspect fracture and therefore failure to order X-ray of the affected part were not included. These may result in a significant proportion of complaints and morbidities. On the other hand, the number of missed fractures in this review might be under-estimated because some patients with missed fractures might re-attend our department before the X-ray report. Thus, they would not appear in our callback list.
After reviewing all the radiological missed fractures in our department, several possible reasons for the misinterpretation of a radiograph can be identified:
1. Failure to take a good history (e.g. mechanism of injury) and physical examination (e.g. most tender spot) before ordering radiographs. 2. Failure to see and re-examine the patients when asked to interpret radiographs, especially when the patients are handed over to another medical officer at the end of shift. 3. Failure to view all films precisely because too many films are taken for one patient e.g. multi-injured patients. 4. Failure to have an appropriate X-ray box to view the radiographs. 5. Failure to inspect the whole film or view the film as a whole by concentrating immediately on particular areas of the radiograph. 6. Failure to order special views or additional views for fracture. 7. Failure to X-ray both limbs for comparison e.g. supracondylar fractures in children. 8. Failure to remove metal braces or rings before taking radiographs. 9. Failure to ask for seniors' opinion when in doubt.
To avoid missing fractures radiologically, good clinical skills are essential. We should take a detailed and careful history, especially the mechanism of injury, and perform thorough examination before ordering the 'correct' X-rays. We should not accept poor quality radiographs or inadequate views. To improve the X-ray interpretation skill, we should read more and practice more. Most of the time, missed fractures can be avoided by basic and systematic assessment of the entire film (e.g. ABCS for spine: A=adequacy & alignment; B=bone; C=cartilage; S=soft tissue). Careful examination of radiographs and identification of subtle clues can help diagnosis in occult fractures. A quality control system that reviews misinterpreted radiographs in the emergency department will be useful.
Whenever occult fracture is suspected, even when it is not obvious or present in the X-ray, immobilise the area and arrange early follow up. Thus if an o c c u l t f r a c t u re i s p r e s e n t , o r o n r e v i e w o f radiographs a fracture is seen, these patients will have been treated appropriately. Furthermore, we need to discuss radiographic findings of even minor fractures with the patient, although treatment may be the same as sprain injur y. With good communication, patient will not be surprised or dissatisfied even if a subsequent practitioner shows him a missed fracture.
A radiograph call-back system, supported by radiologists, is important to reduce diagnostic errors of missed fractures. 8, 9 However, radiologists may sometimes over-report 'missed' fractures because they cannot correlate clinically with the patients while interpreting the X-rays.
Conclusion
A&E doctors missed quite a number of fractures each year. A reporting system by radiologists within 48 hours can reduce the morbidity of delayed diagnosis, and avoid excessive dissatisfaction, complaints and malpractice claims. Moreover, when familiarised with the clinical pattern of easily missed fractures, emergency physicians can avoid similar errors themselves in future.
